The water content of different organs throughout the life cycle Usually the water content of an organ is given as a percentage of the dry weight or of the fresh weight. In this paper per cent. dry weight is dry weight . fresh weight -dry weight defined as frs wegt and per cent. moisture as fehwih fresh weight fresh weight the sum of both is 100 per cent. If the increase in moisture (fresh weight minus dry weight) goes parallel with the increase in dry weight, both quotients remain the same; if the dry weight increases more rapidly than the moisture, or if water is lost, the per cent. dry weight increases, and the per cent. moisture decreases.
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The stem and leaves As fig. 1 shows, in both experiments (1925 and 1926 ) the percentage dry weight of the stems and leaves (ears excluded) goes up rather smoothly until the time of flowering. In experiment 1925 the plants harvested on the 41st day were the first that had flowered, flowering having occurred between the 38th and 40th days. In experiment 1926, five of the six plants harvested on the 31st day (crock 43) had not flowered and showed a dry weight of 19.5 per cent.; one plant had flowered and showed a value of 24.2. All the plants harvested after the 39th day in experiment 1925 and after the 31st day in 1926 had flowered.
The curves show evidently that there is a sudden increase in the percentage of dry weight of the stems and leaves after flowering. In 1925 this sudden increase was observed 1-2 days after flowering, in 1926 about 2-3 days after flowering (33rd day) or one day for the single plant which flowered on the 31st day.
The phenomenon that the dry weight per cent. increases or that the moisture per cent. decreases at the time of flowering does not, however, show whether this is due to a sudden increase in dry weight alone, or to an increase both in dry weight and moisture, the latter increasing less rapidly than the former, or to a sudden loss of water whether or not accompanied by an increase or decrease in dry weight. The only way to find the real cause of this change in moisture per cent. is to consider the absolute dry weight and moisture. We find then that the moisture of the stems and leaves increases until the time of flowering but decreases markedly just after flowering.
In order to make the plants harvested on successive days more comparable, an effort was made to eliminate sampling errors. In an ideal experiment no such sampling errors would have occurred, i.e., all the first, second, etc., leaves would have had the same leaf area, so that the total leaf area on the same day would be the same for all plants. If we assume that after the leaves were full-grown the chemical efficiency (2) ( We may expect, therefore, that the true loss of water lies between the value for the loss found by dividing the moisture by the leaf area and the value found by dividing it by the stem length. In tables II and III both sets of values are given. In crock 14 (experiment 11926), harvested on the 23rd day, all the leaves were full grown, but the ears were not yet formed, so that the moisture and the dry weight of the entire tops were divided by the leaf area or the length of the plant from the base up to the 5th (last) ligula. The latter value has, therefore, only a relative significance, as it is not quite comparable with the values of the plants in which the stems were nearly or quite full grown. Tables II and III The same holds for the moisture and dry weight calculated per unit leaf area. For the reasons above given, the loss of water calculated in this way is smaller than when calculated per unit stem length, the loss on the 35th day (crock 09) being respectively 15 per cent. and 30 per cent. of the moisture present in the five non-flowering plants on the 31st day. The true loss up to the 35th day lies between 15 and 30 per cent.
The dry weight per unit leaf area increases more than does the dry weight per unit stem length as the leaf area remains constant after the 23rd day, while the dry weight of the stem increases proportionately more with its length, though the dry weight per unit length also increases.
If in the "stems alone" the values of fresh weight and dry weight are calculated per unit leaf area, the probable errors are absolutely and relatively smaller (respectively 2.1 per cent. and 2.7 per cent.) than if calculated per unit stem length (respectively 3.5 per cent. and 3.4 per cent.), as was also the case for the stems + leaves.
For the plants in experiment 1925 no data are available for the stems alone.
The ears There is some evidence that in the ears there is also a sudden loss of water at the time of flowering. This is indicated in both experiments not only by a rapid increase in the percentage of dry weight between 1-2 days before flowering and 2 days after flowering, but we find this loss also, if we consider the absolute values of moisture and dry weight. This table shows that though the first two leaves show about the same per cent. dry weight, this value increases from the 2d leaf to the 5th. On the 53rd day the value for the 1st leaf is much higher than that of the 2d, because the former is yellowing and gradually dying off. For the other days and in experiment 1925 this difference in percentage of dry weight in the successive leaves is just as striking. Table VII gives these values for the upper and lower leaves of tomatoes (table XXIV, KRAUS and KRAYBILIL (7)) and of leaves of corn (SCHWEITZER (11) ). It is evident that the value on the 35th day is much higher than could be expected from the trend before flowering. After the 35th day the trend is approximately the same as before flowering, only at a higher level. The same holds for the other leaves. Again the dry weight and moisture per cm.2 of leaf area must be calculated in order to eliminate sampling errors. Usually only the percentage of moisture or percentage of dry weight is given in the literature. JOST (3) quotes a case where erroneous results are obtained if the morning and evening N-content of leaves is calculated per unit leaf dry weight, because a unit leaf area weighs less in the morning than it did the previous evening. Moreover, in calculating the apparent assimilation of an entire plant it is usually advantageous to calculate the daily increase in dry weight per unit leaf area instead of per unit leaf dry weight. Though we are quite aware that it is much more laborious to calculate the moisture by the former method than by the latter, we think this latter method should be employed to a much greater extent than it has been heretofore. In evaluating the moisture or dry weight per cm.2 of leaf area, the order of magnitude of the probable error to be expected must first be considered. In our second experiment the fresh weight and dry weight were determined with an error of about 0.1 mg., i.e., the probable error of the moisture is about 0.1-0.2 mg. The outlines of the leaves were traced on paper. What errors were made in tracing was not determined, though it is probable that in the tracing of the lower leaves a relatively larger error was made than in the tracing of the upper leaves. In If 1 shows a considerable deviation from the mean (13 per cent. of the 237 cases showed a deviation larger than 0.2 mg.), this is an indication that probably a mistake has been made in tracing the leaf area, as in these cases the moisture per cm.2 is also abnormal; the percentage of dry weight may be quite normal. An abnormality in water content is reflected in moisture per cm.2 and percentage of moisture.
Aside from these abnormal values, the values are very consistent, as shown not merely by the low probable errors, but also by the mean values for the crocks harvested on successive days, as shown in tables VIII and IX. All the leaves harvested were used for the determination of the mean values and the probable errors. The value for the dry weight of the 5th leaves of crock 41 is certainly too low, as one plant showed a value of 3.1; if we omit this value the dry weight would be 4.0 + 0.14 mg., which is more in agreement with the values on the previous days.
All the leaves of the plants harvested were full grown except the 4th leaves of no. 46 and the 5th leaves of no. 23, which are placed between brackets. Reading the table of the dry weights from above downward, we find that the values for all the leaves increase throughout the life cycle.
If we read the table of the moisture from above downward, we see that this value increases for all the leaves up to the time of flowering, the five non-flowering plants in crock 43 showing the highest figures. But the relative increase in moisture is less than the relative increase in dry weight, so that the dry weight per cent. increases from the beginning until the time of flowering, as shown in fig. 3 .
The single flowering plant (43 II) in crock 43 (between brackets) shows a considerably lower moisture. That this is not an accidental deviation is shown by the fact that the stems and the ears also had a lower moisture content. This is also shown by the values of crock no. 09, harvested four days later, as shown in table X.
In order to ascertain whether the difference between 43 II and the mean of the five non-flowering plants and also the difference between the five nonflowering plants and the one flowering plant in no. 43 +the six plants in crock 09 (which had flowered) is significant, how many times this differ- (1-P) become much more significant. It is difficult to say whether in this plant the low value of the moisture was due to beginning of water loss or not. Moreover, our data do not show at exactly what moment the loss of water from the leaves, stems and ears occurs, whether at stamination, at fertilization of the ovaries, or earlier. Fig. 4 and fig. 5 show graphically the dry weight and moisture per cm.2 of the different leaves. Fig. 5 brings out the fact that the dry weight increases as we ascend from the 2d to the 5th leaves; the smoothed values for the 1st leaf are somewhat higher than the values for the 2d leaf. Furthermore, it can be seen that after flowering the increase in dry weight in the 4th and 5th leaves is much larger than in the 1st, 2d, and 3rd leaves. Fig. 4 shows clearly that the moisture decreases from the 1st leaf to the 5th leaf. The 1st and 2d leaves show constant values 10 days before flowering; in the 3rd, 4th and 5th leaves the values increase continuously until flowering. The slope of the curve is less steep the higher the order of the leaf. In table XII is shown the number of days from the appearance of the leaves to the time of maximum moisture content.
This table shows that the number of days during which the moisture increases is the same for the first two leaves, perhaps also for the 3rd and 4th leaves. In the 1st leaves the moisture remains constant for 12 days (19th-31st day), in the 2d leaves for 10 days (21st-31st day). This plateau does not occur in the 3rd-5th leaves as the flowering period interferes.
After flowering the drop in moisture is most pronounced and continuous in the 1st leaves; in the other leaves the decrease slows down earlier the higher their order. In this way the moisture in the 4th leaves remains of the 2d leaves showed such tip. The 3rd, 4th, and 5th leaves did not exhibit yellow tips on the 35th day, though their moisture had decreased; the first yellow tips were visible on the! 39th day. Therefore the yellowing of the tips cannot account for the decrease in moisture,6 but the continuous deficit in moisture in the leaves is the principal cause of their yellowing and dying. Determinations after the 53rd day were not made, as the lower leaves began to die rapidly and the yellowing of the upper leaves increased.
Discussion
The tables given in this paper show plainly that in the different cases a change in percentage of dry weight must be explained in different ways. The fact that the higher leaves show a higher dry weight per cent. is due to their higher dry weight and lower moisture per unit leaf area. The dry weight per cent. of every leaf increases throughout the life cycle. Before the flowering stage this is due to the fact that both dry weight and moisture increase, but the former increases more rapidly than the latter; after the flowering stage the moisture decreases while the dry weight continues to increase. Probably exactlv the same holds for the "stems alone." In experiment 1925 the dry weight per cent of the successive internodes was determined on the 48th day, i.e., about 9 days after flowering. Though probably the first internode always shows a somewhat higher dry weight per cent. than the 2d internode (as is the case in the 1st and 2d leaves, fig. 5 ), the high value of the former in table XIII is certainly due to the fact that this internode loses more water after flowering than do the higher internodes (as is also the case in the leaves, fig. 5 ). This corresponds with the fact that the first leaves with sheaths, and the 1st internodes, had already begun to yellow at this time.
This analysis of dry weight per cent. data shows that a change in this value can be brought about very differently in different cases. It is strictly necessary to express the total absolute moisture and dry weight or to calculate the values per unit length or area. This analysis shows furthermore that it is not permissible to compare the dry weight per cent. of leaves in different plants without taking into consideration the order of the leaves.
In The dry weight of the leaves shows a continuous increase throughout the life cycle. Though the leaves may be full grown insofar as a constant leaf area is reached, they still increase in weight. DixoN (4) found that older leaves showed a higher osmotic pressure than younger leaves. URSPRUNG and BLUM (16) found the osmotic value (saltpeter value) in the younger leaves of Urtica smaller than in older ones; the value in the stem of Urtica and lelleborus decreases from the base towards the top. WILLSTXTTER (15) showed that the chlorophyll content of leaves may increase for several weeks. The explanation of the different dry weight and moisture of the successive leaves must wait until further anatomical studies have been made. The marked sequence of the values for the dry weight and moisture of every leaf and their low probable errors proves that in different plants the leaves of the same order are very uniform in structure and physiological behavior. In other words, the sampling error has been practically eliminated.
While the first parts of the dry weight curves of the successive leaves are curves with increasing slope, the last parts of these curves, as represented in figs. 4 and 5, exhibit a decreasing slope (S-shaped curve).
The increase in dry weight throughout the life cycle is also found in the stems. Though the higher internodes are thinner, the average dry weight per cm. stem length increases continuously. This increase lasts for a certain time after flowering, as is also the case in the leaves.
The increase in moisture and dry weight in the leaves and stems which have completed their increase in area or length is probably due to a further increase in volume of the parenchyma cells.7
The moisture in the stems and in the leaves increases continuously until the flowering stage interferes. After flowering, with the increase of dry weight in these organs, there is no longer increase in moisture, but the opposite, viz., a sudden loss of water. That after flowering the lower leaves gain less in dry weight than the upper ones may be explained by the fact that the lower leaves suffer more from water loss than the upper (table IX  and fig. 5 ). Indeed, several investigators [literature cited in (2)] have shown that photosynthesis depends largely upon the water content of the leaves. On the other hand, it is possible that the lower leaves were physiologically full grown, while the upper leaves, developing later, are still capable of increasing in weight. Owing to a more pronounced and continuous deficit in water content, the lower leaves are the first to die.
The same probably holds for the stems in which the first internode is the first to yellow.
is, however, a difference between the case of wheat and of the tomato. The fruits of tomatoes are lateral, in wheat apical; the inhibition of vegetative growth in tomatoes occurs while the fruits are developing, in wheat at flowering. MURNEEK ascribes this phenomenon in tomatoes to the fact' that the fruits monopolize the nitrog ¶en. As was pointed out in a previous paper (2), it is preferable to say that the cells in the fruits are in such a state that they can take in and utilize nitrogen whereas the cells in the vegetative parts cannot. That these parts are still able to grow is proven by the fact that this inhibition depends to a large extent upon the nitrogen given to the plant. Growth is resumed also if the fruits are removed. On the other hand, vegetative growth in flower shafts of Composites and Crucifers (13) and in the coleoptiles of Avena (12, 5) and of other cereals is only possible if a growing point or a mass of meristematic tissue is left. If the flower heads (Compositae), inflorescence (Cardamine) or the meristematic tip (Avena) are removed, the growth in length is inhibited.9 The same is true in wheat. In preliminary experiments in the field in some plants the ear was cut off some time before flowering. The loss of water from the cut was lessened either by putting a paper cap around it or cutting the ear while still in the boot. The growth during the first two days after cutting of the controls was 54 mm. (average of four plants), that of the plants without ear 22.5 mm. (average of five plants), the next two days it was respectively 60 and 7 mm.
If in the experiments just cited the top of a cut flowerstalk or coleoptile was replaced on the stump, growth increased again. There is an abundance of evidence in recent literature (10, 14, further literature cited there) that from the growing point or active meristematic tissues a substance diffuses downward, which is usually called a "growth-promoting substance" or "growth hormone," i.e., a substance which makes growth possible. These terms do not imply anything as to its chemical character. If the meristematic tissue is removed, no such substance flows down, thus preventing the growth of cells which otherwise would be capable of increase in size. This is the case in plants from which the apical meristematic tissue (tip of coleoptile, young flowers or ears) has been removed. As soon as fertilization takes place, the embryo and the seed begin to have an independent life and act as independent meristematic tissues. If we assume that the growthhormones formed inside the developing ovules and fruits do not leach out, we can explain why the growth in length of the flower shaft stops10 after fertilization; as for the plant, the apical growing point has virtually ceased to exist. The young embryo or embryos form, however, new growth-hormones, which are confined within the fruit, making its growth possible.
Another hypothesis which has been advanced in order to explain the correlation between growing points and the growth of cells below it (or, on the other hand, the disturbing of this correlation by removing the growing point), is the assumption of a suction force ("Saugkraft") developed by the growing point. In this theory the growing point is supposed to be a center of attraction for foodstuffs (13) . The monopolization of nitrogen and carbohydrates by the fruits of tomatoes and cotton (8) is also an example of the attraction or diversion of foodstuffs by the developing fruits from the growing vegetative cells.
These two theories-viz., the theory of the growth-hormones secreted by the growing point and the theory that the foodstuffs are monopolized by the young fruits-are, however, not incompatible, but can be brought together in a more general theory of growth. This is possible if we assume that the growth-hormones have a lyophilic effect upon, or increase the swellingcapacity of the colloids in the protoplasm of the young growing cells, and that they prevent the dehydration of the colloids in the protoplasm of the older cells. As soon as growth-hormones no longer diffuse from the apical growing point down into the vegetative parts below it, as may result from decapitation or fertilization, vegetative growth must stop. But then the imbibition-capacity of the colloids in the older cells must also decrease and water must be lost at this period and later. In this way the cessation of growth in length, the loss of water from the various organs, and the gradual dying of the leaves after flowering can be explained. How the action of the hormones upon the imbibition-capacity of the plasma colloids of a young cell may result in its growth and how this theory places greater importance upon the protoplasm and its hydration than upon the osmotic pressure of the cell sap, I hope soon to show. Summary A pure strain of Hard Federation wheat was grown under constant conditions. Ripe (air dry) seeds were obtained in 72 days. Every plant, when full grown, had five leaves and one single stem and ear. The moisture of the different organs throughout the life cycle was determined by harvesting six plants every other day, later on every 4th or 5th day. Sampling errors could be eliminated to a large extent by calculating the moisture and dry weight per unit stem length or per unit leaf area and also by calculating the probable errors.
From the lowest to the uppermost leaf, the dry weight per unit leaf area increases, while the moisture decreases. Throughout the life cycle the dry weight of the leaves increases; the moisture increases until the time of flowering. A sudden drop of moisture occurs in all the organs of the plant 1-2 days after the stamens have appeared. This drop is most pronounced in the lower leaves, sheaths and internodes. The higher leaves lose less water and are thus able to persist longer than the lower ones. The first sign of this water loss is the yellowing of the tips of the leaves. Therefore the drying of the plant, which leads to the final death of the annual, begins as early as 1-2 days after pollination, i.e., about the time of fertilization.
As an explanation of this loss of water from the different organs of the plant after flowering the theory is advanced that the imbibition-capacity of the plasma colloids, which through the action of the growth-hormones is kept up as long as a vegetative growing point is present, decreases as soon as, through the act of fertilization, this growing point is virtually lost to the vegetative plant.
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